Probing DNA polymerase-DNA interactions: examining the template strand in exonuclease complexes using 2-aminopurine fluorescence and acrylamide quenching.
The bacteriophage T4 DNA polymerase forms fluorescent complexes with DNA substrates labeled with 2-aminopurine (2AP) in the template strand; the fluorescence intensity depends on the position of 2AP. When preexonuclease complexes are formed, complexes at the crossroads between polymerase and exonuclease complexes, 2AP in the +1 position in the template strand is fully free of contacts with the adjacent bases as indicated by high fluorescence intensity and a long fluorescence lifetime of about 10.9 ns. Fluorescence intensity decreases for 2AP in the template strand when the primer end is transferred to the exonuclease active center to form exonuclease complexes, which indicates a change in DNA conformation; 2AP can now interact with adjacent bases, which quenches fluorescence emission. Some polymerase-induced base unstacking for 2AP in the template strand in exonuclease complexes is observed but is restricted primarily to the n and +1 positions, which indicates that the DNA polymerase holds the template strand in a way that forces base unstacking only in a small region near the primer terminus. A hold on the template strand will help to maintain the correct alignment of the template and primer strands during proofreading. Acrylamide quenches 2AP fluorescence in preexonuclease and in exonuclease complexes formed with DNA labeled with 2AP in the template strand, which indicates that the template strand remains accessible to solvent in both complexes. These studies provide new information about the conformation of the template strand in exonuclease complexes that is not available from structural studies.